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ABSTRACT
This paper will compare three remediation technologies to determine which is the
most efficient and effective remediation treatment for a petroleum contaminated
groundwater site. The three remediation technologies are in situ bioremediation, in situ
air sparging, and air stripping with carbon filtration. This comparison will be done
through a literature review. It will take the information derived from the review and then
apply it to the information about a petroleum contaminated groundwater location.
The comparative analysis will consist of these parameters permit requirements, clean up
time, operating and maintenance, and geological factors.
These factors permit requirements, cleanup time, and operating and maintenance
are important because they directly affect the costs. Although no costs are given they can
be compared. For example, the more permits required usually the higher the costs for
needed equipment and labor to comply with the regulations. Geological factors are also
extremely important because they determine technical feasibility of the technologies.
Some of the criteria used are hydraulic conductivity, intrinsic permeability and geological
stratification. All of these criteria will be used in the comparison analysis to determine
which technology is best suited for the site.

ACKNOWLEDGEMENTS
Thanks to Keith Stewart from Stewart Environmental for all of the information on
the site and for his help with getting the paper started. I would also like to thank Professor
Gerstenberger for his help with the format of the paper and his patience. A final thanks to
George Bertoty for his help with the setup and use of his computer.

in

TABLE OF CONTENTS
ABSTRACT ................................................................................................................................................... ii
ACKNOWLEDGEMENTS...........................................................................................................................iii
TABLE OF CONTENTS..............................................................................................................................iv
LIST OF F 101 i R t S A. TABLES .................................................................................................................... v
IN I RODJUC. LION
....................................................................................................................................
1
HIS iOR\1 1 1 .................................................................................................................................... 2
HiSj OR} 01 SI 1 1 ( ONTAM1NAT1ON ..................................................................................................... 3
LOLA I 1 NV1RONMENT
.............................................................................................................................
5
H(n\_tiiANlSCiJ-AN?............................................................................................................................7
MLJliO_DS ShC.l.K)N ................................................................................................................................... 8
HO\ A t H I K H N Q L Q G Y WORKS.......................................................................................................9
Rf SU1 I S
..................................................................................................................................
18
DISC USS1ON
..................................................................................................................................
26
CONCLUSION............................................................................................................................................29
FIGURES.....................................................................................................................................................30
43
.............................................................................................................................................
47
APPENDIX..................................................................................................................................................48

nv

LIST OF FIGURES & TABLES
Figure 1 Location of Monitoring Wells
Figure 2 Cross Section A—A'
Figure 3 Location of Cross Section A—A'
Figure 4 Achieving Clean During A Remediation Project
Figure 5 In-Well Air Sparging
Figure 6 Production of More Microbes
Figure 7 Raymond Process
Figure 8 Air Stripper
Figure 9 Mass Transfer of Solute From Liquid to Carbon Particle
Figure 10GAC Unit
Figure 11 Potential Situations for Enlargement of Contaminant Plume
Figure 12 Initial Screening For Air Sparging Effectiveness
Figure 13 Initial Screening For In Situ Bioremediation Effectiveness
Table 1 NDEP Action Levels
Table 2 Henry's Law Constants
Table 3 Vapor Pressures
Table 4 Intrinsic Permeability & Air Sparging Effectiveness

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

INTRODUCTION
At the Texaco #1 Service Station in Las Vegas, NV there has been a petroleum
leak for many years, the leak was actually detected in February 1993 during an annual
tank tightness test. Procedures were taken to remediate the affected soil and groundwater.
Presently the groundwater is being remediated by a pump and treat system consisting of
an air stripping and carbon filtration system to meet federal standards for discharge.
A comparative analysis of three technologies: in situ air sparging, the
combination of air stripping with carbon filtration, and in situ bioremediation will be
done to determine which technology is the most efficient and effective remediation
treatment for the petroleum contaminated groundwater at the Texaco #1 Service Station
location. The comparative analysis will consist of these factors permit requirements,
clean up time, operating and maintenance, and geological factors.
The paper will discuss the history of the Texaco site. Describing in detail the
location of the site, any prior uses before the Texaco #1 Service Station and the site
facilities. Next, the paper will be describing the history of the site contamination,
followed by the site's geology and hydrology. Leak detection will also be addressed,
including the volume and location of the leak, the contaminant types and all monitoring
wells that were drilled at the site. In addition, the paper will discuss how clean the
groundwater has to be to meet federal regulations. Methods section will be next and it
describe how the comparative analysis will be done. Then it will proceed into how each
technology works. This will be followed with the result section, which has analysis of
these factors permit requirements clean up time, operation and maintenance, and
geological factors. Then finally the discussion section is next and this section will do a

comparative analysis with these parameters permit requirements, clean up times,
operation and maintenance, and geological factors.

HISTORY OF SITE
LOCATION & USE
The Texaco #1 Service Station is located at 777 South Las Vegas Blvd. within
Section 332; Township 21 South; Range 61 East; Mount Diablo B & M. There is a
convenience store at the location, which sells both gasoline and diesel fuel. D&G Oil
owns the Texaco #1 Service Station, which has been in existence since 1952, when two
10,000-gallon gasoline underground storage tanks (USTs) were installed. In 1970, one
10,000-gallon diesel fuel UST was installed. There have been no prior gas stations at the
site before this station.

SITE UTILITIES AND STRUCTURES
Above ground structures consist of four fueling islands and one fueling canopy
located on the southeast portion of the lot. A convenience store is located immediately to
the northwest of these structures. There is also a small and extremely degraded building
that is unoccupied and located on the far northwest corner of the lot.
Below ground structures consist of three 10,000-gallon USTs located on the
southeast portion of the property. Fifty feet east of the USTs are utilities and fiber optic
cables, which are oriented north/south across the property. There are additional utilities
and petroleum product lines adjacent and to the northeast of the USTs.

HISTORY OF SITE CONTAMINATION
During an annual tank tightness test in February 1993 the diesel UST failed the
test. The source of the problem was uncertain, but a vent or a product line was potentially
responsible for the failed tank tightness test. After continued testing of the diesel UST,
D&G Oil decided to put the tank out of service on June 21, 1993. D&G Oil also decided
to remove all the USTs in October of 1993 and reinstall new ones.
There was a limited site assessment done on August 23 and 24, 1993 to determine
the extent of contamination to the soil. The site assessment consisted of six exploratory
soil borings taken in the vicinity of the USTs and to the east-northeast. Petroleum
contaminated soil was discovered up to 49 feet bgs and in the samples taken near the
north side of the USTs. Other samples encountered thick layers of caliche and could not
be taken. The assessment indicated that some soil contamination exists, but only in the
vicinity of the USTs.
On November 2, 1993 all three USTs were removed. There was observable
contamination underneath all three USTs and 18 feet bgs of soil and caliche was
excavated from below the USTs. The soil was placed into two separate piles, one for
contaminated soil and one for uncontaminated soil. "Approximately 660 tons of
contaminated soil was treated on site by bioremediation"(GEOFON 1994). This soil was
to be utilized for grading and leveling on site. "Approximately 538 tons of caliche was
removed from the site by Las Vegas Paving Corporation (LVP) for hydrocarbon
remediation by crushing and thermal treatment at LVP's facility"(GEOFON 1994).
When the USTs were removed on November 4, 1993 six samples were taken on
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the exposed soil underneath the tanks. The analysis of the hydrocarbon contaminated soil
samples indicated that all samples were above the Nevada Department of Environmental
Protection (NDEP) action level for total petroleum hydrocarbon (TPH) of lOOmg/kg.
Further analysis was needed at the site and the first monitoring well was installed in
December of 1993. The well was located 10 feet to the north of the former UST and
contained free floating petroleum hydrocarbon on the groundwater at approximately 95
feet bgs. Another four wells were also installed on site and they indicated the plume
extended toward the northeast. See Figure #1 for location of all monitoring wells. A free
product pump with a skimmer attachment was installed in groundwater monitoring well
M W-1, in which approximately 13 feet of free product has been measured (GEOFON
1994). On May 19, 1994, another free product pump with skimmer attachment was
installed in monitoring well MW-3, in which 4.5 feet of free product has been measured
(GEOFON 1994).
A sixth monitoring well (MW-6) was drilled 500 feet northeast of the former
USTs and off-site in April of 1994.This was done to check the distance the contaminant
had traveled. The soil samples taken from the borings were below NDEP action levels for
TPH. "The water sample contained petroleum hydrocarbon contamination in the range of
gasoline with benzene levels of 870 ug/L, which exceed the NDEP action level of 5
ug/L"(GEOFON 1994).
Another monitoring well (MW-7) was drilled 1,350 feet from the former USTs on
the McCarren International Airport property on July 1, 1994. "Laboratory analytical
results of soil samples from this boring reported low concentrations (39mg/kg to 53

mg/kg) of TPH from depths of 75, 80, and 85 feet bgs. The components were reported in
the range of diesel and their source is unknown"(GEOFON 1994). The water sample was
tested for TPH, and benzene, toluene, ethylbenzene, and total xylene (BTEX) and was
below laboratory detection limits. Therefore, the diesel fuel contamination in the soil has
not impacted the groundwater and the release at Texaco Station #1 has not mitigated to
this location. Furthermore, this points to the diesel fuel contaminated soil sample form
MW-7 to be a possible release during construction at the airport, or a field or laboratory
contamination.

LOCAL ENVIRONMENT
LOCAL GEOLOGY
The local geology at the site consists of alluvial deposits that are fine-grained
sediments ranging from clays to silty sands. The clays and silty sands exist in the deeper
stratigraphy. The sands are more dominant in the upper 30 feet of the stratigraphy. There
are also some minor gravel-sized clasts, which exist throughout the site. "Four caliche
horizons occur at the site; 8 to 10 feet below ground surface (bgs) (2 feet thick), 35 feet
bgs (6 feet thick), 45 feet bgs (3 feet thick) and 90 feet bgs (4 feet thick)"(GEOFON
1994). These caliche horizons decline slightly towards the northeast (Figure #2).
Furthermore, the caliche layer at about 90 feet bgs is above and within the
groundwater elevation in all five on-site groundwater monitoring wells. The contrasting
aquifer properties like hydraulic conductivity and intrinsic permeability in the sand and
caliche units may be affecting the local groundwater flow. Both intrinsic permeability
and hydraulic conductivity will be discussed later in their respective sections.
5

Figure #2 is a geological cross section, which trends northeast from groundwater
monitoring well MW-2, through groundwater monitoring well MW-1 and MW-3 and
then ending near groundwater monitoring well MW-6. Figure #3 shows the location of
the cross section of A-A'. This cross section shows a near surface sandy section that
attains a maximum thickness of about 30 feet in MW-3, thins out to about 10 feet in MW6, and pinches out to the southwest where it is absent in MW-1 and MW-2. A deeper
sandy unit about 20 feet thick was found in MW-3 and then thins out to the northeast to
about 5 feet thick in MW-6. The base of the sandy unit is near groundwater depth at MW6.
The off-site groundwater monitoring wells number 6 and 7, which were drilled
about 500 and 1,350 feet northeast of the UST excavation. These wells encountered soil
similar to the on site soil borings. The soil boring information for MW-6 and MW-7 are
in the appendix and will be used to estimate the intrinsic permeability and the hydraulic
conductivity. The one notable difference are the fewer and thinner caliche layers in the
off site wells. Also, MW-7 did not encounter the caliche layer that existed immediately
above and within the groundwater elevation, that is observed in the five on-site wells.
LOCAL HYDROGEOLOGY
At the Texaco site groundwater levels range from approximately 80 feet to 100
feet bgs. The overall groundwater flow in the area is to the southwest, but this is
inconsistent with apparent northeast migration at the site. A plausible explanation for this
inconsistency is that the caliche layer, which cuts across the on-site groundwater
elevation surface. This caliche zone serves as a locally confining layer resulting in

elevated groundwater causing the on-site groundwater flow and plume migration in the
direction of the northeast.
There are three other factors that could possibly affect groundwater flow on the
site. The first is the pumping of groundwater approximately a mile northeast due to
petroleum hydrocarbon remediation activities occurring at McCarran International
Airport property. The second is the influence of a compaction fault (northwest direction),
which apparently dies out on the site. The third is the continued removal of groundwater
over the years due to the growth within the area.

HOW CLEAN IS CLEAN?
Table #1 contains the maximum contaminant level (MCLs) of BTEX needed for
clean groundwater to meet NDEP and EPA policies and regulations. However, this is site
specific and higher levels of BTEX concentrations and free floating product thickness can
exist pending NDEP approval. These factors usually depend on site conditions,
groundwater quality, receptors of public impact, and continued cost of remediation. A
detailed risk assessment may be required by NDEP based on data collected during
remedial actions.
If the level of MCLs can not be reached, a determination of completion of
groundwater remedial actions may be based on a diminishing returns evaluation as
described in the Nevada Administration Code (NAC) NAC 459.9978. Ib. This regulation
states that after corrective action, an aquifer is clean if:
After treatment of groundwater for not less than one year, the
concentration of dissolved constituents versus time, measured monthly,

fits a curve that is substantially linear and approaches zero slope at the
final portion of the curve. The curve is defined by the following equation:
C = Cf + C0e'kt
"C" means the concentration of contaminant at time (t) in micrograms
per liter.
"C" means the final concentration in micrograms per liter, which the
curve approaches assymptotically.
"C0" means the difference between the final concentration and the
concentration at time zero in micrograms per liter.
"e" means the base of the natural log of 2.718
"k" means the decay constant.
"t" means time in days.
This equation determines that at some point the remedial action will not be
capable to clean the groundwater to any better standards (Figure #4). At this point, it is not
economically feasible to continue cleaning the groundwater, because the amount of
contaminant removed is very low.

METHODS SECTION
This paper is a literature review. The information derived from the review will be
applied to the information taken from GEOFON article, which is the article that contains
the information about the Texaco site. This application will be done by means of the
analysis in the result section using these criteria; permit requirements, clean up times,
operation and maintenance, and geological conditions. Then the discussion section will
follow, in which all the important points of each criterion will be compared and
recommendations will be made in the conclusion.
The paper will first discuss how each technology works. This is important
because it will directly affect its technical feasibility at the site. For example, for in situ
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air sparging and in situ bioremediation processes occur below ground. So a basic
knowledge on how they work will be a issue because they are directly affected by the
geology at the site. Furthermore, it will help determine how well each technology
removes the contaminant from the groundwater.
Then results section is next. It will start with permit requirements, followed by
clean up time, and then it will discuss operation and maintenance. These factors are
important because they all directly affect costs. Although no costs are given they can be
compared. For example, the more permits required usually the higher the costs and this
directly increases the cost for needed equipment and labor to comply with the regulations.
Furthermore, the longer the clean up time the longer the equipment needs to be at the site,
which directly increases costs overtime. Operation and maintenance is also directly
affected by length of clean up and this section will discuss what is needed to maintain the
equipment and how much monitoring is needed, costs. Another factor in clean up time is
the environment. This is important because the slower the clean up time the better chance
of further contamination to the surrounding area because of groundwater flow.
The final criteria discussed will be the geological factors. Some of the factors
deliberated in this section are hydraulic conductivity, intrinsic permeability and
geological stratification. All of these issues are important because they will directly
influence the technical feasibility of each technology at the site.

HOW EACH TECHNOLOGY WORKS
IN SITU AIR SPARGING
In situ air sparging technology has been used since about 1985. This remediation
9

technology is used on volatile organic compounds (VOCs) that have contaminated
groundwater or soils in the saturated zone. The technology injects contaminant free air
into the subsurface saturated zone. This process causes a phase transfer of contaminants
from a dissolved state to a vapor phase. The phenomena can best be described as
"controlled disequilibrium". When introducing clean air into the system it results in a net
transfer from liquid phase to the vapor phase and by repeating the process the
contaminants are reduced to very low levels. This process also pertains to air stripping,
which will be discussed later. Insitu air sparging is often used in conjunction with a
vacuum extraction system to remove the stripped contaminants. The two most important
parameters in determining the successfulness of in situ air sparging at a site are the
contaminants vapor / dissolved phase dispersion ability and the permeability of the soils.

FACTORS INVOLING VAPOR /DISSOLVED DISPERSION
KINETIC THEORY OF GASES
This theory states that molecules of dissolved gases will pass freely between the
liquid and vapor phases. When the system is in equilibrium the same number of
molecules will transfer in both directions through a unit of area and in a unit of time. Any
departure from equilibrium is what produces the driving force for mass transfer. The
mass transfer is proportional to the differences of the contaminants liquid phase
concentration in the bulk liquid and the contaminants equilibrium liquid phase
concentration. The equilibrium concentration of a substance is dependent on Henry's law
constant. This theory also applies to air stripping, which will be discussed later.

10

Henry's Law
Henry's law quantifies the relative tendency of substance to separate between the
liquid and vapor phases. Henry's law constant is also dependent on temperature. It
increases 1.6 times when the temperature raises 10°C. "The proportionality constant that
relates concentration in solution to the partial pressure is know as Henry's Law constant
(KH) and may be reported as "dimensionless" or as atm m3/mol."(Suthersan 1997)
K

where

"~ C
*-7

KH = Henry's law constant
Cv = concentration in vapor phase at the water- vapor interface
C; = concentration in liquid at the water-vapor interface

Substances with Henry's law constants greater than 100 atmospheres are generally
considered treatable by air sparging and air striping. The constituents of petroleum have
these Henry's law constants benzene (230 atm.), toluene (217 atm.), ethylbenzene (359
atm.), and xylene (266 atm.) making them all amendable to air sparging or air stripping.
(Table #2) As stated before the air stripping process will be discussed later.

VAPOR PRESSURE
Vapor pressure is another important constituent in determining the strip ability of
a contaminant. A chemical's vapor pressure is basically a measurement of its tendency to
evaporate and the higher the vapor pressures the higher the probability of a chemical to
transfer from a dissolved state to a vapor state. "Those constituents with vapor pressures
higher than 0.5 mm Hg are considered to be amendable to air sparging" (EPA Manual
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VII 10). (Table #3)

BIODEGRADATION
Biodegradation occurs naturally to some contaminants in the saturated zone. The
amount that occurs is dependent on the availability of oxygen, the structure of the
compound, and certain environmental conditions. "Typically dissolved oxygen (DO)
concentrations in uncontaminated groundwater are less than 4.0 mg/1. Dissolved oxygen
levels can be raised by air sparging up to 6 to 10 mg/1 under equilibrium
conditions"(Suthersan 1997). This increase in dissolved oxygen is one of the benefits of
in situ air sparging, which leads to an increase in biodegradation of the contaminant.

IN-WELL AIR SPARGING
This type of air sparging would be used to overcome the non-optimum geological
features, such as the caliche layers that exist at the site. In-well air sparging could also
stop the channeling of air that can push the contaminant further off site, which will
discussed latter.
The process works by injecting air into the inner casing. This has an air lifting
effect, which occurs only in the inner casing. The water within the casing will be lifted
upward and spill over the top of the inner casing. This will have a vacuum effect causing
the contaminated water to flow into the bottom of the casing. (Figure #5)
Within the casing mass transfer is occurring to the contaminant. The contaminated
vapors are vacuum extracted from the top of the casing and then incinerated at the site.
The clean water that spills over the top of the inner casing will be reinjected via the top of
the outer screen. Two advantages is the elimination of any need for above ground
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treatment and the clean water is saturated with dissolved oxygen, which can enhance
biodegradation of aerobically biodegradable contaminants present in the saturated zone.

IN SITU BIOREMEDIATION
Bioremediation stimulates microbes to digest the contaminants and through this
process usually produce end products from the reaction, which are less harmful for the
environment. It stimulates the microorganisms through a continuous flow of nutrients and
chemicals. These systems primarily use native organisms. Although, researchers are
developing nonnative engineered microbes that are used specifically for certain
contaminants. Furthermore, BTEX contaminants are very amenable to the bioremediation
process.

MICROORGANISMS
Free living microorganisms live everywhere on the earth. There are two main
groups eucaryotic cell and procaryotic cell. The eucaryotic cell exists in plants, metazoa
animals, fungi, algae, and protozoa. The procaryotic contain the less complex
microorganisms of bacteria and cyanobacteria. However, only bacteria and fungi have
degradative effects on contaminants.
There are multiple bacteria that exist in deep and shallow groundwater and they
can move long distances if the geology contains coarse or fractured formations. "In fact,
all degradation processes require multiple microorganisms working in concert. Also,
more than one type of bacteria or fungi can perform the same degradation function. When
investigating microorganisms for degradation of specific organic compounds, it is more
important to demonstrate the ability to degrade a compound than to locate a specific
13

bacteria or fungi" (Nyer et al. 64).

OXIDATION AND REDUCTION
The microbes digest the contaminant for growth and reproduction through an
oxidation or reduction reaction. In the reaction an electron is given to the microbe from
the contaminant. This step in the process is oxidizing the contaminant because it loses an
electron. Hence, the contaminate is called the electron donor. Furthermore, the microbe is
reduced because it receives the electron and it is also called the electron acceptor. The
energy produced by this electron transfer is used for the production of more microbes
(Figure #6).

INTRINISIC & ENGINEERED BIOREMEMDIATION
There are two types of bioremediation intrinsic and engineered. Intrinsic
bioremediation employs the native microbes for degradation of the contaminant. This is
not a no action alternative because documentation and samples are taken to ensure that
the organisms are removing the contaminant. The next type is engineered bioremediation,
which influences the microbes through engineered site modifications. For example, wells
to manipulate the flow of groundwater and adding nutrients, such as nitrogen, oxygen, or
phosphorus, to help with the growth of the organisms. This latter type of bioremediation
is the one chosen for this site.

RAYMOND PROCESS
This section will give an example of a bioremediation system called the Raymond
process (Figure #7). This process has been chosen because it could be used at the site.

The process works by pumping out the contaminated water at an extraction well located
farthest down gradient to the contaminated water. The contaminated water proceeds to an
above ground treatment. The above ground treatment could involve a pretreatment and
then continue on to an amendment with nutrients. The process will then add an electron
acceptor, such as hydrogen peroxide. Then finally the water is reinjected in a well that is
located farthest up gradient from the contaminant.
An advantage of this system is the increase in the groundwater flow rate. This
increase in groundwater flow transported the nutrients and Oi faster than the natural
groundwater flow rate. Some other advantages are an increase in microbial population
and an increase in rate of degradation of the contaminant. "One significant disadvantage
of this process is the inefficient utilization of the injected F^Oa. Less than 10 to 20% of
the injected HiC^ only will be consumed by the microorganisms for biodegradation"
(Suthersan 146).

AIR STRIPPING & CARBON ADSORPTION
AIR STRIPPING
Air stripping has been around for many decades. Air stripping is a proven
technology for the removal of volatile organic chemicals from groundwater. It was first
used for the removal of carbon dioxide, hydrogen sulfide and ammonia from water and
wastewater. Air stripping was also used to introduce oxygen as a means of increasing
dissolved oxygen content and for the oxidation of dissolved metals. Its use in remediation
began in the mid 1970s with the treatment of water, which had low levels of volatile
(synthetic) organic compounds. Please refer back to Henry's law and kinetic theory of
15

gases sections for the basic principals on how air stripping works.
AIR STRIPPING SYSTEM
Air stripping applies the basic principal of mass transfer of a substance from a
liquid phase to a vapor phase. Packed towers involve the flow of contaminated water
through packing material, while forcing air counter current to the water. A packed tower
will be used at the site. The packing material, which could be plastic balls with holes, is
used to break the water into smaller droplets. This increases the surface area of the
contaminated water, which then directly increases the amount of mass transfer that can
take place. The clean water is collected at the bottom of the tower and pumped out
(Figure #8).

CARBON ADSORPTION
Granular activated carbon (GAC) has been around for years. It has been used in
the beverage industry in the 1930s and was also used by municipal water treatment plants
in the 1960s to improve the odor and taste of water. Since GAC is an excellent medium
for removing organic compounds from water. It has used in the cleanup of organic
compounds like gasoline in groundwater.

CARBON ADSORPTION PROCESS
Adsorption is a natural process, in which molecules of a liquid adhere to the
surface of molecules of a solid adsorbent either by a physical or chemical process. The
process used at the site will be physical adsorption. The physical adsorption process is
caused by van der Walls forces. These forces happen through the motion of electrons
within molecules. These molecules are weakly adsorbed by van der Walla forces. This
16

process produces one of the advantages of carbon adsorption because it allows for easy
removal of the contaminant from the GAC. Resulting in reuse of the material making it a
cost-effective treatment to use at the site.
GAC has a large surface area, which is critical factor for adsorbent. "The typical
range for surface areas of commercially available activated carbon is 1000-2000 m2/g
(Noonan and Curtis 44)". GAC has such a large surface area because of its internal
structure (Figure #9). This internal structure consists of macropores, which are larger than
1000 angstroms and micropores that are smaller than 1000 angstroms. Macropores serve
as the entrance way and as a conductive force to attract the molecules of the contaminant
into the micropores. This is the area were most of the adsorption occurs. The adsorption
process occurs in three steps. First is the diffusion of the contaminant from the liquid
phase into the carbon particle. Second is the diffusion of the contaminant into the
macropore and the final step is adsorption of the contaminant in the micropore area. The
GAC is very basic system. The influent contaminant is pumped into one end of the
container. This flows through the GAC and out the other end as clean effluent (Figure
#10).

AIR STRIPPER & CARBON FILTRATION SYSTEM
This system will consists of the skimmer and pump, which will bring the
contaminated water to the air stripping tower. The contaminated water will pass through
the packed tower and then the clean water will be pumped out into a storm drain in front
of the store. All of the contaminated air removed from the groundwater will flow through
GAC beds. Then it will be discharged into the ambient air.
11

RESULTS
This section will analyze the following issues permit requirements, on site facility
requirements, cleanup time, operating and maintenance, and geological factors. Permit
requirements will discuss what permits are needed for each equipment. The cleanup time
segment will cover how fast each technology will clean the contaminated groundwater to
NDEP standards. The next section operating and maintenance will discuss what is needed
to keep the equipment going during the remediation process and what monitoring is
needed. Finally, geological factors, this will describe what geological conditions at the
site affect the technical feasibility and determine their effectiveness for each technology.
The order in which the technologies will be covered are in situ air sparging, then in situ
bioremediation, and finally air stripping with carbon filtration.

IN SITU AIR SPARGING
PERMIT REQUIREMENTS
A primary concern is air contaminant discharge from the thermal/catalytic
oxidizer. If emission rates exceed the current Clark County Health District-Air Pollution
Control District (CCHD-APCD) emission limit, then the best available control
technology (BACT) air pollution control abatement equipment will be required.
The CCHD-APCD requires an Authority to Construct (ATC) permit prior to
installation and operation of the groundwater remediation system. Once the ATC permit
is acquired. Then an operating permit must be obtained and a system inspection
IS

performed by the CCHD-APCD. Once all this criteria has been meet operation of this
system can begin. This would be the least regulated of the three technologies.
CLEAN UP TIME
There is no reliable method to measure clean up time. Most clean up times have
been 12 months to 3 years. "Reports from literature indicates that sites that have
implemented air sparging have often met groundwater cleanup goals in less than one
year. However, it should be noted that, at most of the sites, the cleanup goal was
approximately 1 mg/1 for total benzene, toluene, ethyl benzene, and xylenes (BTEX) and
that BTEX compounds are very biodegradable"(Suthersan 1997).
There are many factors that affect the cleanup rate, such as: target clean up levels,
extent of contamination, geological conditions, strippability and biodegradability of the
contaminant. However, the major factor at the Texaco site will be the intrinsic
permeability of the soil and at the site the intrinsic permeability is low. This will slow
down the clean up rate.
OPERATING & MAINTENANCE
The operation and maintenance for air sparging is easy. In many cases, the
remediation sites consists of minimal staff. In most cases, the equipment is fitted with
control devices to shut down the system in event of failure or unusual conditions. When
these systems shut down an alarm will go off, which will notify personnel on site or can
be relayed to a remote station off site in which personnel can be called. The parameters
typically monitored are pressure and air-flow rate. The equipment used to monitor these
parameters provide the information necessary to make appropriated changes. These
19

changes consist of adjusting the blower rate and valves, and general maintenance on the
equipment.
Monitoring the contaminant level is necessary to determine if the remedial
progress is proceeding at a responsible rate. These methods include monitoring the
contaminant level of the groundwater and vapors in the monitoring wells and blower
exhaust. The vapor and contaminant concentrations are then plotted against time.

IMPORTANT GEOLOGICAL FACTORS
HOMOGENEITY vs. HETEROGENEITY
The homogeneity or heterogeneity of the geological stratification is an important
factor when considering this technology for contaminant removal. The more homogenous
the geological conditions the more applicable this technology is for removing the
contaminate. If the geological strata at the site has either an impermeable layer or a
highly permeable layer this can cause the air to move away from the contaminate zone.
When there is an impermeable layer the injected air can accumulate underneath,
then travel horizontally and possibly enlarge the contaminant plume. A highly permeable
layer also has this same affect because the injected air travels horizontal instead of
vertical (Figure #11). Both of these conditions can cause contaminant vapors to spread
outside of the vapor extraction zone.
At the site there is a impermeable caliche level that travels through the
groundwater elevation. As stated above injection below a low permeable layer should be
avoided to stop any channeling of the contaminant away from the site. In well aeration
can control this problem. However, it causes another problem by limiting access to the

contaminated water above the caliche level. This geological characteristic does limit in
situ air sparging effectiveness.
Another factor that affects the technical feasibility of in situ air sparging is the
depth of the groundwater. The depth of the groundwater is approximated at 80 to 100 feet
bgs placing air injection at about 103 feet. The current experience in the industry is
mostly based on injection depths of less than 30 to 60 feet below the water table
(Suthersan 104). The depth of injection directly affects the injection pressure and rate,
and the deeper the injection the more pressure is needed. Also, the deeper the depth of
injection the larger the zone of influence, and therefore more air is needed to provide a
reasonable percentage of air saturation within the zone of influence. These factors add
difficulty to the technical feasibility of the technology and add additional costs.
INTRINISIC PERMEABILITY
Intrinsic permeability is the measurement of a soils ability to transmit fluid and it
is the single most important characteristic of the soil in determining the effectiveness of
air sparging (EPA Manual VIII-11). Intrinsic permeability has a range from 10"16 to 10"
cm2 for the wide range of geological materials. Coarse-grained soils like sand have
greater intrinsic permeability and fine-grained soils like clay and silts have lower intrinsic
permeability. It can be determined by field tests or estimated by boring logs and
laboratory tests. Please see the appendix for the boring logs and see Figure #12 for
intrinsic permeability estimations. The estimated intrinsic permeability for the Texaco
site at depth of groundwater is 10"7to 10"14. Intrinsic permeability estimates of higher than
10"9 are considered generally effective for cleaning contaminated groundwater. Anything
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lower is considered marginally effective to ineffective (Table #4). So in situ air sparging
could possibly be used at the Texaco site. However, the technology would be very
ineffective because of the low intrinsic permeability.

IN SITU BIOREMEDIATION
PERMIT REQUIREMENTS
In situ bioremediation requires a permit for the reinjection of the clean water into
the aquifer. An underground injection control (UCI) permit would need to be obtained
from The Nevada Department of Environmental Protection (NDEP).
Furthermore, an environmental permit to appropriate the water of the State of
Nevada (Appropriation Permit) will be required from the Division of Water Resources
for the removal of the groundwater from the groundwater recovery wells.

CLEAN UP TIME
The biggest factor for in situ bioremediation is the hydraulic conductivity
of the soil, which is similar to air sparging intrinsic permeability. The hydraulic
conductivity is low at the site. Consequently, it will add many months to the process.
Furthermore, the biodegradation process is the slowest process out of these technologies.
In situ bioremediation will have a clean up time of approximately four to six years and it
will probably be on the longer end because of the low hydraulic conductivity. Therefore,
in situ bioremediation will have the longest clean up time out of three technologies.

OPERATION & MAINTENANCE
In situ bioremediation has the most labor intensive needs out of the three

technologies. The system controls and alarms work in the same basic way as air sparging.
The difference comes in the needed monitoring. For example, these are some of things
that need to be monitored electron acceptor concentration, the nutrients added (ammonia,
phosphate, and nitrate), pH, conductivity, extraction volume, and finally, injection
volume. There is the needed monitoring to determine if the remedial process is occurring
at a reasonable rate. This can be done by sampling the groundwater. In addition, water
table maps can be helpful in assessing whether injected water is flowing toward the
extraction well as predicted.

GEOLOGICAL FACTORS
HOMOGENITY vs. HETEROGENITY
Another important factor, as in air sparging, are the characteristics of the
subsurface geology. The greater the homogeneity of the soil at the site the greater the
success of this technology. If there is abundant amount of crevices, fractures, or other
irregularities it will cause channeling of fluids around the contaminated material. This is
an unwanted affect due to the fluids have the microorganisms that degrade the
contaminant and therefore they will not come in contact with the contaminant. This is a
concern for this treatment because channeling could occur and it could result in areas in
which contaminated groundwater is improperly treated.
HYDRAULIC CONDUCTIVITY
Hydraulic conductivity is the most important geological condition for in situ
bioremediation and it is extremely important for determining the technical feasibility.
Hydraulic conductivity is a measure of water's ability to move through the aquifer

medium. This characteristic controls the rate and distribution of electron acceptors and
nutrients delivered to the bacteria in the aquifer. The hydraulic conductivity of an
aquifers material varies over wide range depending on the type of material. As in air
sparging, fine-grained soils composed of clay or silts offer resistance to water flow. "For
aquifers with hydraulic conductivity greater than 10~4 cm/sec, in-situ groundwater
bioremediation is effective. For sites with lower hydraulic conductivity (e.g., 10~4 to 10~6
cm/sec), the technology also could be effective, but it must be carefully evaluated,
designed, and controlled (EPA Manual X-12). The estimated hydraulic conductivity at
the site is 10"9to 10~6 cm/sec. (Figure #13). As in air sparging these measurements were
estimated from the bore samples at the site and were taken at ground water level, which is
80 feet bgs to 100 feet bgs. These conditions indicate very low hydraulic conductivity at
groundwater level and therefore reducing the effectiveness of in situ bioremediation
considerable.

AIR STRIPPING WITH CARBON FILITRATION
PERMIT REQUIREMENTS
There are two areas of concern with air stripping. One is the water discharge into
the storm drain and the ambient air discharge. Please refer back to the air sparging section
above for the air permit. A National Pollutant Discharge Elimination System (NPDES)
permit must be obtained from the NDEP Bureau of Water Pollution Control for the
discharge into the storm drain. A letter must be obtained from the Clark County Regional
Flood Control District before the NDEP will issue the permit. Then the NDEP can issue a
temporary permit within one month, the permanent permit will follow within four to six

months of application. Also, as in the in situ bioremediation process an Appropriation
Permit will be required. This would be the most regulated technology out of the three.
CLEAN UP TIME
The largest factor for air stripping is the flow rate. The larger the flow rate the
faster the clean up. Another factor is the ability of the contaminant to mass transfer and
BTEX is very amendable to this process. The GAC is a secondary treatment and has no
affect on clean up rates. The approximated time for clean up of groundwater is three to
five years (GEOFON 30).

OPERATION & MAINTENANCE
Air stripping is a relatively easy process to operate. There is no reoccurring
maintenance requiring the service of an engineer beyond normal maintenance. This
normal maintenance would consist of blower maintenance and packing recondition.
Packing recondition consists of steam cleaning the packing material as needed. In case of
emergency controllers should be added to prevent the passage of untreated or partially
treated contaminated water.
Monitoring the clean effluent from the air stripping process needs to be done to
ensure the water meets the proper standards and monitoring the groundwater to make
sure the remedial process is occurring at a proper rate. This is the easiest process to
operate and maintain.
The major concern with carbon filtration is monitoring of the effluent. Because
effluent quality decreases as time passes. The effluent air must be monitored regularly to
ascertain when breakthrough occurs. Breakthrough is when the carbon is complete

saturated with contaminant and it can not clean the groundwater to the standards needed.
As breakthrough becomes closer higher levels of attention is needed and at breakthrough,
the GAC must be replaced. However, there is very little general maintenance needed on
the equipment. Therefore, this is also a very easy technology to operate and maintain.
GEOLOGICAL FACTORS
Both air stripping and carbon filtration processes occur above ground. The only
piece of equipment underground is the attached skimmer. It is not affected by the
intrinsic permeability or hydraulic conductivity conditions that occur at the site. The
skimmer is also not affected by the caliche layer. It can adjust up or down to pump out
the contaminated water as dictated by the depth of the groundwater. Therefore, air
stripping and carbon filtration are unaffected by the geological conditions at the site.

DISCUSSION
This segment will do the comparative analysis. It will compare each technology
with each factor. Then the conclusion will follow with recommendations on which
technology best fits the needs of this site.

PERMIT REQUIREMENTS
Air stripping will be the most regulated technology. It will need an air permit, a
NPDES permit, and an Appropriation permit. The next most regulated technology is in
situ bioremediation, which needs a UCI permit and an Appropriation permit. Then in situ
air sparging, which is the least regulated. This technology only needs an air permit.
Therefore in situ air sparging will be the most cost effective technology in this section.

CLEAN UP TIMES
In situ air sparging should have the fastest clean up time. It should have a clean up
time of approximately one to three years. Then air stripping should be the next fastest
with a clean up time of approximately three to five years. Finally followed by in situ
bioremediation, which should have an approximate time of four to six years. Again, as in
the last section in situ air sparging should be the most cost effective and efficient
technology.

OPERATION & MAINTENANCE
In situ air sparging should have the least amount of operation and maintenance
needs. All that will be needed is general maintenance on the equipment as well as
monitoring of the groundwater to check levels for BTEX levels. The next technology is
air stripping with carbon filtration. The air stripping machinery has very little general
maintenance needs. Although, monitoring the water effluent is very important to check
for BETX concentrations. Also, the carbon filtration unit has very minimal general
maintenance requirements. However, as in air stripping, the effluent needs to be
monitored for BTEX contaminants. In situ bioremediation has the highest operation and
maintenance requirements. The reason for this is to insure the microbes are in a healthy
environment to remove the contaminants. For example, pH, electron acceptors, nutrients,
and conductivity need to be constantly monitored. Therefore, in situ air sparging is the
most cost effective to operate and maintain out of the three technologies.

GEOLOGICAL FACTORS
The determining factor for these technologies at this site will be the geological
conditions. Both in situ air sparging and bioremediation could be used at the site.
However, the geological conditions will determine their level of effectiveness. The first
geological condition is the caliche layer at groundwater elevation. This will cause
channeling problems for both in situ air sparging and bioremediation. For air sparging
this could cause the movement of the petroleum contaminated groundwater farther off
site or areas in which the air does not reach and the groundwater is not cleaned properly.
Furthermore, these same type of conditions could occur with in situ bioremediation.
The major determining factor for geological conditions at this site is the low
intrinsic permeability and hydraulic conductivity at this site. This condition will limit
their effectiveness at cleaning the groundwater to the proper standards. Low intrinsic
permeability and hydraulic conductivity limit the movement of air and water. For in situ
air sparging the limit of air movement reduces the BTEX contaminants net transfer from
liquid to the vapor phase. Therefore, air sparging will not effectively remove the
contaminants from the groundwater, which makes it difficult to reach NDEP standards
for clean groundwater. Furthermore, this ineffectiveness leads to longer clean up times
resulting in increased costs.
Low hydraulic conductivity reduces in situ bioremediation effectiveness by
limiting the movement of the injected groundwater that has the nutrients and electron
acceptors. Again, directly reducing the effectiveness in which the injected water can

reach the contaminated groundwater. Resulting in areas of contaminated groundwater,
which are not treated properly. Also, the longer the clean up time the higher the operating
and maintenance costs. This makes in situ bioremediation costs high in view of the fact
that the operation and maintenance is already very labor intensive from all of the
monitoring that occurs.
Both air stripping and carbon filtration processes occur above ground. Therefore,
the low intrinsic permeability and hydraulic conductivity will not affect these remediation
treatments. The only below ground equipment is the skimmer and this is not affected the
the geological conditions at the site.

CONCLUSION
The geological site conditions and constraints have eliminated in situ air sparging
and in situ bioremediation due to their reduced effectiveness at the site. Therefore, it is
recommended that air stripping and carbon filtration be used at the Texaco site. These
treatments are not affected by the geological conditions and they are very amendable to
removing BTEX compounds from groundwater. They should not have a problem meeting
NDEP standards in Table #1. Also, the air stripping clean up time is reasonable and both
air stripping and carbon filtration have easy operating and maintenance procedures.
Therefore, air stripping and carbon filtration will be an effective and applicable
remediation treatment for the petroleum contaminated groundwater at the Texaco site.
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